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MEMORY DEVICE HEALTH EVALUATION
AT A HOST DEVICE

CROSS REFERENC.

L1

The present Application for Patent claims priority to U.S.
Provisional Patent Application No. 63/180,465 by Boehm et
al., entitled “MEMORY DEVICE HEALTH EVALUATION
AT A HOST DEVICE”, filed Apr. 27, 2021, which 1s
assigned to the assignee hereof, and which 1s expressly
incorporated by reference 1n 1ts entirety herein.

FIELD OF TECHNOLOGY

The following relates generally to one or more systems
for memory and more specifically to memory device health
evaluation at a host device.

BACKGROUND

Memory devices are widely used to store information in
various electronic devices such as computers, user devices,
wireless communication devices, cameras, digital displays,
and the like. Information 1s stored by programming memory
cells within a memory device to various states. For example,
binary memory cells may be programmed to one of two
supported states, often denoted by a logic 1 or a logic 0. In
some examples, a single memory cell may support more
than two states, any one of which may be stored. To access
the stored information, a component may read, or sense, at
least one stored state in the memory device. To store
information, a component may write, or program, the state
in the memory device.

Various types of memory devices and memory cells exist,
including magnetic hard disks, random access memory
(RAM), read-only memory (ROM), dynamic RAM
(DRAM), synchronous dynamic RAM (SDRAM), static
RAM (SRAM), ferroelectric RAM (FeRAM), magnetic
RAM (MRAM), resistive RAM (RRAM), flash memory,
phase change memory (PCM), self-selecting memory, chal-
cogenide memory technologies, and others. Memory cells
may be volatile or non-volatile. Non-volatile memory, e.g.,
FeRAM, may maintain their stored logic state for extended
periods of time even 1n the absence of an external power
source. Volatile memory devices, e.g., DRAM, may lose
their stored state when disconnected from an external power
source.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 illustrates an example of a system that supports
memory device health evaluation at a host device in accor-
dance with examples as disclosed herein.

FIG. 2 1llustrates an example of a memory die that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein.

FIG. 3 illustrates an example of a system that supports
memory device health evaluation at a host device 1n accor-
dance with examples as disclosed herein.

FIG. 4 illustrates an example of a process flow that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein.

FIG. 5 shows a block diagram of a host device that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein.
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FIG. 6 shows a block diagram of a memory device that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein.

FIGS. 7 and 8 show flowcharts illustrating a method or
methods that support memory device health evaluation at a

host device in accordance with examples as disclosed
herein.

DETAILED DESCRIPTION

A memory device may be in communication with, be
coupled with, or be included 1n a host device (e.g., a vehicle,
computer, or cell phone). Different usage and environmental
conditions of the memory device may vary between difierent
categories of host devices, as well as between diflerent host
devices 1n a same category based a duration that the memory
device 1s used, how the memory device 1s used, operations
conditions 1n which the memory device 1s used, etc. As such,
a usage level (e.g., level of wear), a remaining lifetime, or
a general degradation of a memory device may be unknown
to the memory device or the host device or both. In such
cases, the memory device may experience performance
degradation, or failure, without the detection by the memory
device or the host device or both, which may result 1n failure
or degradation of the memory device, or failure or degra-
dation of one or more portions of a system including the
memory device or the host device. Additionally or alterna-
tively, servicing and replacement schedules of the memory
device or the host device, one or more manufacturing
parameters ol the memory device, or one or more manufac-
turing parameters of the host device, among other examples,
may be based on inaccurate data due to the lack of data
regarding the usage level of the memory device.

The present disclosure provides techniques for a device,
such as a host device (e.g., a vehicle), to include, be coupled
with, or use a memory device that monitors and reports
health information (e.g., one or more parameters associated
with a status of the memory device). The memory device
may transmit the health information to the host device, and
the host device (e.g., a vehicle or a computer or system-on-
a-chip (SoC) of the vehicle) may process the health infor-
mation, or transmit the health information to another entity
of a larger system, or both. In some cases, the other entity of
the system may receive the health information and transmit
a signal back to the host device based on the health infor-
mation (e.g., indicating one or more parameters for imple-
mentation at the memory device or the host device). In some
cases, the host device may receive and process the health
information using one or more components, to determine a
status of the memory device and to determine one or more
operational parameters for the memory device. For example,
the host device may include a system health engine used for
receiving health information from the memory device, and
a safety engine used for processing the health information.
In some cases, the host device may also mclude a commu-
nication component used for sending and receiving health
information from the outside entities. Receiving and pro-
cessing health information 1n real time from the memory
device may support an increased accuracy for servicing and
repair schedules, increased safety for a system including the
host device and the memory device, increased accuracy for
one or more manufacturing or design parameters of the
memory device or host device (e.g., the vehicle or associated
computers), or any combination thereof.

Features of the disclosure are initially described in the
context of systems and dies as described with reference to
FIGS. 1 and 2. Features of the disclosure are described 1n the
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context of a system and a process flow as described with
reference to FIGS. 3 and 4. These and other features of the
disclosure are further illustrated by and described with
reference to an apparatus diagram and flowcharts that relate
to memory device health evaluation at a host device as
described with reference to FIGS. 5-8.

FIG. 1 illustrates an example of a system 100 that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein. The sys-
tem 100 may include a host device 105, a memory device
110, and a plurality of channels 1135 coupling the host device
105 with the memory device 110. The system 100 may
include one or more memory devices 110, but aspects of the
one or more memory devices 110 may be described in the
context of a single memory device (e.g., memory device
110). The memory subsystem or system 100 may, 1n some
cases, be referred to as a memory device 110 or memory
devices 110.

The system 100 may include portions of an electronic
device, such as a computing device, a mobile computing
device, a wireless device, a graphics processing device, a
vehicle, or other systems. For example, the system 100 may
illustrate aspects of a computer, a laptop computer, a tablet
computer, a smartphone, a cellular phone, a wearable device,
an internet-connected device, a vehicle controller, or the
like. The memory device 110 may be a component of the
system operable to store data for one or more other com-
ponents of the system 100.

At least portions of the system 100 may be examples of
the host device 105. The host device 105 may be an example
of a processor or other circuitry within a device that uses
memory to execute processes, such as within a computing
device, a mobile computing device, a wireless device, a
graphics processing device, a computer, a laptop computer,
a tablet computer, a smartphone, a cellular phone, a wearable
device, an internet-connected device, a vehicle controller, a
system on a chip (SoC), or some other stationary or portable
clectronic device, among other examples. In some examples,
the host device 105 may refer to the hardware, firmware,
solftware, or a combination thereof that implements the
functions of an external memory controller 120. In some
examples, the external memory controller 120 may be
referred to as a host or a host device 105. As described
herein, the host device 105 may receive information (e.g.,
health information, related to a status of a memory device
110) from a memory device 110. The host device 105 may
make one or more determinations based on the information,
or may forward the information to one or more other devices
in a system that includes or 1s in communication with the
host device 105.

A memory device 110 may be an independent device or a
component that 1s operable to provide physical memory
addresses/space that may be used or referenced by the
system 100. In some examples, a memory device 110 may
be configurable to work with one or more different types of
host devices. Signaling between the host device 105 and the
memory device 110 may be operable to support one or more
ol: modulation schemes to modulate the signals, various pin
configurations for communicating the signals, various form
factors for physical packaging of the host device 105 and the
memory device 110, clock signaling and synchromization
between the host device 105 and the memory device 110,
timing conventions, or other factors.

The memory device 110 may be operable to store data for
the components of the host device 1035. In some examples,
the memory device 110 may act as a secondary-type or
dependent-type device to the host device 105 (e.g., respond-
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ing to and executing commands provided by the host device
105 through the external memory controller 120). Such
commands may include one or more of a write command for
a write operation, a read command for a read operation, a
refresh command for a refresh operation, or other com-
mands.

The host device 105 may include one or more of an
external memory controller 120, a processor 125, a basic
input/output system (BIOS) component 130, or other com-
ponents such as one or more peripheral components or one
or more input/output controllers. The components of the host
device 105 may be coupled with one another using a bus
135.

The processor 125 may be operable to provide control or
other functionality for at least portions of the system 100 or
at least portions of the host device 105. The processor 125
may be a general-purpose processor, a digital signal proces-
sor (DSP), an application-specific imntegrated circuit (ASIC),
a field-programmable gate array (FPGA) or other program-
mable logic device, discrete gate or transistor logic, discrete
hardware components, or a combination of these compo-
nents. In such examples, the processor 125 may be an
example of a central processing umt (CPU), a graphics
processing unit (GPU), a general purpose GPU (GPGPU), or
an SoC, among other examples. In some examples, the
external memory controller 120 may be implemented by or
be a part of the processor 125.

The BIOS component 130 may be a software component
that includes a BIOS operated as firmware, which may
initialize and run various hardware components of the
system 100 or the host device 105. The BIOS component
130 may also manage data tlow between the processor 125
and the various components of the system 100 or the host
device 105. The BIOS component 130 may include a
program or software stored in one or more of read-only
memory (ROM), flash memory, or other non-volatile
memory.

In some examples, the system 100 or the host device 105
may include various peripheral components. The peripheral
components may be any mput device or output device, or an
interface for such devices, that may be integrated into or
with the system 100 or the host device 105. Examples may
include one or more of: a disk controller, a sound controller,
a graphics controller, an Ethernet controller, a modem, a
umversal serial bus (USB) controller, a serial or parallel
port, or a peripheral card slot such as peripheral component
interconnect (PCI) or specialized graphics ports. The periph-
eral component(s) may be other components understood by
a person having ordinary skill in the art as a peripheral.

In some examples, the system 100 or the host device 105
may include an IO controller. An I/O controller may man-
age data communication between the processor 125 and the
peripheral component(s), imput devices, or output devices.
The I/O controller may manage peripherals that are not
integrated 1nto or with the system 100 or the host device 105.
In some examples, the I/O controller may represent a
physical connection or port to external peripheral compo-
nents.

In some examples, the system 100 or the host device 105
may include an mmput component, an output component, or
both. An input component may represent a device or signal
external to the system 100 that provides information, sig-
nals, or data to the system 100 or 1ts components. In some
examples, and input component may include a user interface
or interface with or between other devices. In some
examples, an input component may be a peripheral that
interfaces with system 100 via one or more peripheral
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components or may be managed by an I/O controller. An
output component may represent a device or signal external
to the system 100 operable to receive an output from the
system 100 or any of its components. Examples of an output
component may 1nclude a display, audio speakers, a printing
device, another processor on a printed circuit board, and
others. In some examples, an output may be a peripheral that
interfaces with the system 100 via one or more peripheral
components or may be managed by an I/O controller.

The memory device 110 may include a device memory
controller 155 and one or more memory dies 160 (e.g.,
memory chips) to support a desired capacity or a specified
capacity for data storage. Each memory die 160 (e.g.,
memory die 160a, memory die 1605, memory die 160N)
may 1include a local memory controller 165 (e.g., local
memory controller 165-a, local memory controller 165-5,
local memory controller 165-N) and a memory array 170
(c.g., memory array 170-a, memory array 170-b, memory
array 170-N). A memory array 170 may be a collection (e.g.,
one or more grids, one or more banks, one or more tiles, one
or more sections) of memory cells, with each memory cell
being operable to store at least one bit of data. A memory
device 110 including two or more memory dies 160 may be
referred to as a multi-die memory or a multi-die package or
a multi-chip memory or a multi-chip package.

The device memory controller 155 may include circuits,
logic, or components operable to control operation of the
memory device 110. The device memory controller 155 may
include the hardware, the firmware, or the instructions that
enable the memory device 110 to perform various operations
and may be operable to receive, transmit, or execute com-
mands, data, or control information related to the compo-
nents of the memory device 110. The device memory
controller 155 may be operable to communicate with one or
more of the external memory controller 120, the one or more
memory dies 160, or the processor 125. In some examples,
the device memory controller 155 may control operation of
the memory device 110 described herein 1n conjunction with
the local memory controller 165 of the memory die 160.

In some examples, the memory device 110 may receive
data or commands or both from the host device 105. For
example, the memory device 110 may receive a write
command indicating that the memory device 110 1s to store
data for the host device 105 or a read command indicating
that the memory device 110 1s to provide data stored in a
memory die 160 to the host device 105. The memory device
110 may include (e.g., within dedicated circuitry or as a part
of a controller, such as the local memory controller 165 or
device memory controller 155) health monitoring circuitry.
The memory device 110 may use the health monitoring
circuitry to monitor and determine one or more parameters
indicative of a status of the memory device, such as with
relation to operation and access of memory cells within a
memory array 170. The memory device may transmit the
one or more parameters to the host device 103.

A local memory controller 165 (e.g., local to a memory
die 160) may include circuits, logic, or components operable
to control operation of the memory die 160. In some
examples, a local memory controller 165 may be operable to
communicate (e.g., recerve or transmit data or commands or
both) with the device memory controller 155. In some
examples, a memory device 110 may not include a device
memory controller 155, and a local memory controller 165
or the external memory controller 120 may perform various
functions described herein. As such, a local memory con-
troller 165 may be operable to communicate with the device
memory controller 155, with other local memory controllers
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165, or directly with the external memory controller 120, or
the processor 125, or a combination thereof. Examples of
components that may be included in the device memory
controller 155 or the local memory controllers 165 or both
may include recervers for receiving signals (e.g., from the
external memory controller 120), transmitters for transmit-
ting signals (e.g., to the external memory controller 120),
decoders for decoding or demodulating receirved signals,
encoders for encoding or modulating signals to be transmiut-
ted, or various other circuits or controllers operable for
supporting described operations of the device memory con-
troller 155 or local memory controller 165 or both.

The external memory controller 120 may be operable to
enable communication of one or more of information, data,
or commands between components of the system 100 or the
host device 105 (e.g., the processor 125) and the memory
device 110. The external memory controller 120 may con-
vert or translate communications exchanged between the
components of the host device 105 and the memory device
110. In some examples, the external memory controller 120
or other component of the system 100 or the host device 105,
or its functions described herein, may be implemented by the
processor 125. For example, the external memory controller
120 may be hardware, firmware, or software, or some
combination thereof implemented by the processor 1235 or
other component of the system 100 or the host device 105.
Although the external memory controller 120 1s depicted as
being external to the memory device 110, 1n some examples,
the external memory controller 120, or 1its functions
described herein, may be immplemented by one or more
components of a memory device 110 (e.g., a device memory
controller 155, a local memory controller 165) or vice versa.

The components of the host device 105 may exchange
information with the memory device 110 using one or more
channels 115. The channels 115 may be operable to support
communications between the external memory controller
120 and the memory device 110. Each channel 115 may be
examples of transmission mediums that carry information
between the host device 105 and the memory device. Each
channel 115 may include one or more signal paths or
transmission mediums (e.g., conductors) between terminals
associated with the components of the system 100. A signal
path may be an example of a conductive path operable to
carry a signal. For example, a channel 115 may include a
first terminal including one or more pins or pads at the host
device 105 and one or more pins or pads at the memory
device 110. A pin may be an example of a conductive mput
or output point of a device of the system 100, and a pin may
be operable to act as part of a channel.

Channels 115 (and associated signal paths and terminals)
may be dedicated to communicating one or more types of
information. For example, the channels 115 may include one
or more command and address (CA) channels 186, one or
more clock signal (CK) channels 188, one or more data
(DQ) channels 190, one or more other channels 192, or a
combination thereof. In some examples, signaling may be
communicated over the channels 115 using single data rate
(SDR) signaling or double data rate (DDR) signaling. In
SDR signaling, one modulation symbol (e.g., signal level) of
a signal may be registered for each clock cycle (e.g., on a
rising or falling edge of a clock signal). In DDR signaling,
two modulation symbols (e.g., signal levels) of a signal may
be registered for each clock cycle (e.g., on both a rising edge
and a falling edge of a clock signal).

In some examples, CA channels 186 may be operable to
communicate commands between the host device 105 and
the memory device 110 including control information asso-
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ciated with the commands (e.g., address information). For
example, commands carried by the CA channel 186 may
include a read command with an address of the desired data.
In some examples, a CA channel 186 may include any
quantity of signal paths to decode one or more of address or
command data (e.g., eight or nine signal paths).

In some examples, data channels 190 may be operable to
communicate one or more ol data or control imformation
between the host device 105 and the memory device 110.
For example, the data channels 190 may communicate
information (e.g., bi-directional) to be written to the memory
device 110 or information read from the memory device 110.

The channels 115 may include any quantity of signal
paths (including a single signal path). In some examples, a
channel 115 may include multiple individual signal paths.
For example, a channel may be x4 (e.g., including four
signal paths), x8 (e.g., including eight signal paths), x16
(including sixteen signal paths), efc.

FIG. 2 illustrates an example of a memory die 200 that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein. The
memory die 200 may be an example of the memory dies 160
described with reference to FIG. 1. In some examples, the
memory die 200 may be referred to as a memory chip, a
memory device, or an electronic memory apparatus. The
memory die 200 may include one or more memory cells 205
that may each be programmable to store different logic states
(e.g., programmed to one of a set of two or more possible
states). For example, a memory cell 205 may be operable to
store one bit of information at a time (e.g., a logic O or a logic
1). In some examples, a memory cell 205 (e.g., a multi-level
memory cell) may be operable to store more than one bit of
information at a time (e.g., a logic 00, logic 01, logic 10, a
logic 11). In some examples, the memory cells 205 may be
arranged 1n an array, such as a memory array 170 described
with reference to FIG. 1.

A memory cell 205 may store a charge representative of
the programmable states 1n a capacitor. DRAM architectures
may include a capacitor that includes a dielectric material to
store a charge representative of the programmable state. In
other memory architectures, other storage devices and com-
ponents are possible. For example, nonlinear dielectric
materials may be employed. The memory cell 205 may
include a logic storage component, such as capacitor 230,
and a switching component 235. The capacitor 230 may be
an example of a dielectric capacitor or a ferroelectric capaci-
tor. A node of the capacitor 230 may be coupled with a
voltage source 240, which may be the cell plate reference
voltage, such as Vpl, or may be ground, such as Vss.

The memory die 200 may include one or more access
lines (e.g., one or more word lines 210 and one or more digit
lines 215) arranged 1n a pattern, such as a grid-like pattern.
An access line may be a conductive line coupled with a
memory cell 205 and may be used to perform access
operations on the memory cell 205. In some examples, word
lines 210 may be referred to as row lines. In some examples,
digit lines 2135 may be referred to as column lines or bit lines.
References to access lines, row lines, column lines, word
lines, digit lines, or bit lines, or their analogues, are inter-
changeable without loss of understanding or operation.
Memory cells 205 may be positioned at intersections of the
word lines 210 and the digit lines 213.

Operations such as reading and writing may be performed
on the memory cells 205 by activating or selecting access
lines such as one or more of a word line 210 or a digit line
215. By biasing a word line 210 and a digit line 215 (e.g.,
applying a voltage to the word line 210 or the digit line 215),
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a single memory cell 205 may be accessed at their intersec-
tion. The intersection of a word line 210 and a digit line 215
in either a two-dimensional or three-dimensional configu-
ration may be referred to as an address of a memory cell 205.

Accessing the memory cells 205 may be controlled
through a row decoder 220 or a column decoder 225. For
example, a row decoder 220 may receive a row address from
the local memory controller 260 and activate a word line 210
based on the received row address. A column decoder 2235
may receive a column address from the local memory
controller 260 and may activate a digit line 2135 based on the
received column address.

Selecting or deselecting the memory cell 205 may be
accomplished by activating or deactivating the switching
component 235 using a word line 210. The capacitor 230
may be coupled with the digit line 215 using the switching
component 235. For example, the capacitor 230 may be
isolated from digit line 215 when the switching component
235 15 deactivated, and the capacitor 230 may be coupled
with digit line 215 when the switching component 235 1s
activated.

The sense component 245 may be operable to detect a
state (e.g., a charge) stored on the capacitor 230 of the
memory cell 205 and determine a logic state of the memory
cell 205 based on the stored state. The sense component 245
may include one or more sense amplifiers to amplify or
otherwise convert a signal resulting from accessing the
memory cell 205. The sense component 245 may compare a
signal detected from the memory cell 205 to a reference 250
(e.g., a reference voltage). The detected logic state of the
memory cell 205 may be provided as an output of the sense
component 245 (e.g., to an input/output 2535), and may
indicate the detected logic state to another component of a
memory device that includes the memory die 200.

The local memory controller 260 may control the access-
ing of memory cells 205 through the various components
(e.g., row decoder 220, column decoder 2235, sense compo-
nent 245). The local memory controller 260 may be an
example of the local memory controller 165 described with
reference to FIG. 1. In some examples, one or more of the
row decoder 220, column decoder 225, and sense compo-
nent 245 may be co-located with the local memory control-
ler 260. The local memory controller 260 may be operable
to recerve one or more ol commands or data from one or
more different memory controllers (e.g., an external memory
controller 120 associated with a host device 105, another
controller associated with the memory die 200), translate the
commands or the data (or both) into information that can be
used by the memory die 200, perform one or more opera-
tions on the memory die 200, and communicate data from
the memory die 200 to a host device 103 based on perform-
ing the one or more operations. The local memory controller
260 may generate row signals and column address signals to
activate the target word line 210 and the target digit line 215.
The local memory controller 260 may also generate and
control various voltages or currents used during the opera-
tion of the memory die 200. In general, the amplitude, the
shape, or the duration of an applied voltage or current
discussed herein may be varied and may be different for the
various operations discussed in operating the memory die
200.

The local memory controller 260 may be operable to
perform one or more access operations on one Or Mmore
memory cells 205 of the memory die 200. Examples of
access operations may include a write operation, a read
operation, a refresh operation, a precharge operation, or an
activate operation, among others. In some examples, access
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operations may be performed by or otherwise coordinated
by the local memory controller 260 1n response to various
access commands (e.g., from a host device 105). The local
memory controller 260 may be operable to perform other
access operations not listed here or other operations related
to the operating of the memory die 200 that are not directly
related to accessing the memory cells 205.

As describe herein, a memory device that includes the
memory die 200 may transmit health information to a host
device, and the host device may perform one or more
operations (e.g., may determine one or more parameters for
the memory device). In some cases, the host device may
include a set of components for receiving, processing, and
transmitting the health information. For example, the host
device may include a system health engine, a safety engine,
and/or a communication component. In some examples, the
communication component may transmit the health infor-
mation to another entity of a system that includes the host
device. In some cases, the other entity of the system may
receive the health information and transmit a signal back to
the host device based on the health information (e.g., mndi-
cating one or more parameters for implementation at the
host device, or the memory device, or both). In some cases,
the host device may receive and process the health infor-
mation using one or more components, to determine a status
of the memory device and to determine one or more opera-
tional parameters for the memory device.

FIG. 3 1illustrates an example of a system 300 that
supports external system reporting for health monitoring 1n
accordance with examples as disclosed herein. The system
300 may include a host device 105-a, which may be an
example of a host device 105 as described with reference to
FIG. 1. The host device 105-a may represent one or more
computers or SoCs, and may include or be coupled with one
or more memory devices 110 (e.g., memory devices 110-a
and 110-5) as described with reference to FIG. 1. For
example, the host device 105-a may represent an SoC, or
may represent a separate component, such as a dedicated
safety component, of a device. In such cases, the host device
105-a may represent a standalone chip or processor that
receives health information but not other data from the
memory device(s) 110. In some cases, the system 300 may
support communicating health information 330 monitored at
one or more memory devices 110, such as the memory
devices 110-a and 110-6 (e.g., communicating one or more
parameters indicative of a status of the memory devices
110-a and 110-5). The health information 330 (e.g., output
by the memory devices 110-ag and 110-5) may be used by the
host device 105-a and one or more other entities (e.g., one
or more other devices associated with the one or more
entities) as described herein.

The host device 105-a may be an example of an SoC (e.g.,
associated with a vehicle or other device). Although the
system 300 1s described herein with reference to a host
device 105-a associated with a vehicle, 1t 1s to be understood
that the examples may also apply to other host devices 105
(c.g., to data center computers, secure laptops) without
departing from the scope of the present disclosure. Similarly,
the examples of the entities of the system 300 described
herein may also apply to other entities associated with such
host devices 105, or other entities associated with the host
device 105-a, without departing from the scope of the
present disclosure.

Usage and environmental conditions may vary between
host devices 105 (e.g., diflerent or same types of host
devices 105). As such, a usage level (e.g., level of wear), a
remaining lifetime, or a general degradation of memory
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devices 110 associated with a host device 105 may be
unknown to the memory devices 110 or the host device 105.
In such cases, a memory device 110 may begin to experience
performance degradation or failure without the knowledge
of the memory device 110 or the host device 105, which may
result 1n failure of the memory device 110 or failure of one
or more portions or entities of the system 300. Usage or wear
parameters of the memory device 110 may thus be unknown
to the memory device 110 or the host device 1035. As such,
servicing and replacement schedules of the memory device
110 or host device 105, one or more manufacturing param-
cters or the memory device 110, or one or more manufac-
turing parameters of the host device 105, among other
examples, may be based on inaccurate data.

The present disclosure provides techniques for a host
device 105 (e.g., host device 105-a) to receive health infor-
mation 330 (e.g., information regarding circuit degradation,
compromised data integrity, usage, voltage levels, etc.) from
one or more memory devices 110 (e.g., memory device
110-a, 110-b, or both), for example, using one or more
dedicated components (e.g., circuitry) of the host device
105-g and the memory device(s) 110. The memory device(s)
110 may store the health information 330 (e.g., one or more
parameters idicative of the status of the memory device
110) at the memory device(s) 110, or may transmait the health
information 330 to the host device 105-a. In some examples,
the memory device may determine the health information
using a monitoring component or circuitry that may, for
example, be configured to monitor and output information
associated with a health or other status of the memory device
110.

The host device 105-a may include components such as a
system health engine 315, a safety engine 320, and a
communication component 3235. Each of these components
may represent one or more respective circuits of the host
device 105-a, which may be configured to perform functions
associated with the respective component as described
herein. Further, the host device 105-a may include a set of
controllers 310-a and 310-56 (e.g., logic for controlling
communications with the memory device(s) 110), as well as
corresponding sets of pins 305-a and 305-6. In some
examples, each set of pins 305 may be coupled with a
corresponding memory device 110 and each controller 310
may thereby be coupled with the corresponding memory
device 110. For example, controller 310-a may be coupled
with memory device 110-a via pin 305-a, which may be
coupled with memory device 110-a via one or more traces,
wires, or other electrical components, while controller 310-56
may be coupled with memory device 110-6 via pin 305-5,
which may similarly be coupled with memory device 110-56
via one or more traces, wires, or other electrical components.

Each controller 310 may each be coupled with the system
health engine 315 and may be configured to transmit or send
the health information 330 to the system health engine 315.
The system health engine 315 may be coupled with the
safety engine 320, and the system health engine 315 and
safety engine 320 may be configured to send the health
information 330 (e.g., or associated information) to one
another. The system health engine 315 may further be
coupled with the communication component 325, and the
system health engine 315 and communication component
325 may be configured to send the health information 330
(e.g., or associated information) to one another. In some
examples, each controller 310 may be directly coupled with
the satety engine 320, the communication component 325,
or both (e.g., 1n addition to being coupled with the system
health engine 315). In such examples, each controller 310
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may, for example, be configured to send the health infor-
mation 330 directly to the safety engine 320, the commu-
nication component 325, or both.

In some examples, one or more operational parameters, or
other determinations made by a component of the host
device 105-a, may be communicated or sent to the system
health engine 315, the communication component 325, or a
corresponding controller 310, for further analysis, commu-
nication to the memory device(s) 110 or another device, or
both. For example, the system health engine 3135 may, based
on one or more determinations, transmit a command to one
or more of the memory devices 110 indicating the opera-
tional parameter(s), a determination, or both. Additionally or
alternatively, the safety engine may send an indication of the
operational parameter(s), a determination, or both, to the
system health engine 315, or to a corresponding controller
310, for transmission to one or more of the memory device
110.

In some cases, the memory device(s) 110 may store the
health information 330 at a register of the memory device(s)
110 (e.g., an external register, a mode register), and the host
device 105-a may access the register and the associated
health mformation 330. For example, the host device 105-4
may access the register via a controller 310-a or 310-4
corresponding to memory device 110-a and 110-b, respec-
tively. Additionally or alternatively, the memory device(s)
110 may determine to transmit the health information 330 to
the host device 105-g and may transmit the health informa-
tion 330 to the host device 105-a. The host device 105-a may
use the health mformation 330, for example, to track or
estimate a lifetime of the memory devices 110 or to adjust
one or more parameters (e.g., operational parameters) of the
memory devices 110, among other examples. In some
examples, the operational parameters may include a voltage
level of the memory devices 110, a quantity ol access
operations for a component of the memory devices 110, an
operating temperature of a component of the memory
devices 110, or a combination thereof.

In some examples, the controllers 310 may be coupled
with the memory devices 110 via the corresponding pin
305-a or 305-5 (e.g., one or more pins for a physical
channel). In some cases (e.g., when the host device 105-a
represents an SoC), the pins 305 may be configured to
communicate command/address (C/A) and I/O information
(¢.g., data) with the memory device(s) 110. Further, the pins
305 may be configured to receive the health information 330
from the memory device(s) 110 and transmit, via the con-
trollers 310, the health information 330 to one or more
components of the host device 105-a. For example, the
controller 310 may transmit the health mnformation 330 to a
system health engine 315. Additionally or alternatively, the
satety engine 320, the communication component 3235, or
both, may be configured to receive the health information
330 from the controllers 310 (e.g., without being routed
through the system health engine 315). In some cases, a data
bus (e.g., for transmitting and receiving data) from the
memory device(s) 110 may be routed to an SoC and the
health information 330 may be routed to the host device
105-a (e.g., when the host device 105-a represents a safety
component). In some cases, the data bus and the health
information 330 from the memory device(s) 110 may be
routed to the host device 105-a (e.g., when the host device
105-a represents an SoC).

The system health engine 315 may process the health
information 330 to determine the status of the memory
device(s) 110. In some cases, the status may indicate one or
more safety critical results that may be used to manage the
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host device 105-a or a larger system that includes the host
device 105-a. The safety critical results may include tem-
perature information, memory cell failure, or other param-
cters that may affect the safety of the host device 105-a or
larger system. The system health engine 315 may be coupled
with the safety engine 320 and the communication compo-
nent 325. In some cases, the system health engine 315 may
make determinations (e.g., determine operational param-
cters for the memory device(s) 110, the host device 105-q,
or the larger system) based on the health information 330.
The system health engine 315 may process the health
information 330 to be readable at other components of the
host device 105-a, or to be readable at one or more other
devices. For example, the system health engine 315 may be
configured to transmit the status of the memory device(s)
110, the health information 330, or both to either the safety
engine 320, the communication component 3235, or both,
based on processing the health information 330 to make the
health mnformation 330 readable to the other components. In
some cases, processing the health information 330 for read-
ability at another component or device may include trans-
forming raw health data into one or more codes, bit
sequences, or the like.

In some cases, the system health engine 315 may receive
configurations or information for managing the health infor-
mation 330. For example, the system health engine 315 may
receive such configurations or information indicating
whether the health information 330 1s to be transmitted to the
safety engine 320, the communication component 325, or
both. In some examples, the system health engine 315 may
receive configurations or mformation for managing health
information 330 from outside devices, such as an enfity
associated with a roadway or other construction entity (e.g.,
a government-operated construction entity) that monitors
vehicle activity. In such examples, the configurations or
information may be mnitially received at the communication
component 325, and transmitted to the system health engine
315. In some examples, the system health engine 315 may
receive configurations or mformation for managing health
information 330 (e.g., one or more parameters for evaluating
the health mmformation 330) from outside devices or from
another component (e.g., a controller or processor) of the
host device 105-a.

For example, the communication component 325 may
receive the parameter(s) to evaluate the health information
330 from one or more devices external to the host device
105-a (e.g., a device including the host device 1035-4,
another device), for example, 1n response to transmitting the
health information 330, based on other communications
with the host device 105-a (e.g., based on a start up or other
procedure), or based on one or more other criteria. For
example, the communication component 325 may receive,
from the one or more other devices, a threshold status of the
memory device(s) 110, one or more parameters for moni-
toring at the memory device, one or more processes for
determining the one or more operational parameters, or both.
In some cases, one or more similar parameters may be
received at the system health engine or the communication
component 325 from another component of the host device
105-a.

In some cases, the system health engine 315 may transmit
the safety critical results to the safety engine 320, for
example, if the health information 330 is associated with one
or more safety or critical functions of the host device 105-a
or of the larger system. A safety critical result may represent,
for example, a result determined or otherwise identified by
the system health engine 315 that may indicate a failure of
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a portion or component of the memory device 110, may
indicate a degradation of a portion or component of the
memory device 110, or may indicate another parameter (e.g.,
one or more parameters that satisty a threshold). The failure,
the degradation, or the parameter may indicate a lower level
of safety for the memory device 110, the host device 105-q,
the larger system, or any combination thereof, and may also
indicate or be related to one or more results that may aflect
a safety level of the memory device 110, the host device
105-a, the larger system, or any combination thereof.

In some examples, the system health engine 315 may
transmit the health information 330 to the safety engine 320
based on, for example, a threshold of a parameter, the status
of the memory device meeting a threshold, a type of
parameter received, or a combination thereof (e.g., among
other examples). Further, the system health engine 315 may
similarly transmit the health mnformation 330 to the com-
munication component 325 based on a threshold of a param-
cter, the status of the memory device meeting a threshold, a
type ol parameter received, or a combination thereof. The
safety engine 320 may evaluate the health information 330,
in relation to the safety of the host device 105-a or the larger
system, and may make determinations (e.g., determine
operational parameters) based on the health information
330. For example, the safety engine 320 may determine that
a set of memory cells 1n the memory device(s) 110 are no
longer functional, and may that the memory device(s) 110
should no longer use the set of memory cells. The opera-
tional parameters, or other determinations, may be commu-
nicated back to the system health engine 315, the commu-
nication component 325, or the corresponding controller
310, for further analysis, communication to the memory
device(s) 110 or another device, or both. For example, the
system health engine 315 may, based on the determinations,
transmit a command to the memory device(s) 110 indicating,
the operational parameters, the determinations, or both.

The system health engine 315 may also process the health
information 330 to determine safety or non-safety critical
results. For example, the system health engine 315 may
process the health information 330 to determine servicing
and replacement schedules (e.g., maintenance scheduling).
In some cases, the system health engine 315 may transmit
the safety critical results, the non-safety critical results, or
both, to one or more entities outside the host device 105-4,
for example, via the communication component 3235. For
example, the safety engine 320, the communication com-
ponent, or both may be coupled (e.g., via direct connections)
to the controllers 310.

In some cases, the communication component 325 may
communicate health information 330, as received from the
system health engine 315 or directly from the controller 310,
to one or more devices external to the host device 105-a
(e.g., devices associated with an entity of the larger system,
such as other vehicles or a manufacturer database). For
example, the host device 105-@¢ may be part of a vehicle 1n
a fleet of vehicles (e.g., a tleet of shipping trucks). The
communication component 325 may transmit health infor-
mation 330 to other vehicles 1n the fleet if the vehicle
experiences a mechanical failure. Further, the communica-
tion component 325 may communicate health information
330 with devices within the vehicle itself (e.g., one or more
devices associated with or coupled with the host device
105-a). The communication component 325 may addition-
ally transmit health mformation 330 to a provider of the
memory device(s) 110 or of the host device 105-a.

In response to commumnicating the health information 330
to the one or more devices external to the host device, the
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communication component 325 may receive information
from the one or more devices external to the host device. For
example, the communication component 325 may receive
one or more operational parameters for operating one or
more ol the memory devices 110. The commumnication
component 325 may send the information to another com-
ponent of the host device 105-a (e.g., to the system health
engine 3135 or to a controller 310). The information may be
transmitted to the memory devices 110 based on receiving
the information at the system health engine 315, which may
forward the mformation to a respective controller 310 such
that the controller may transmit the information to a corre-
sponding memory device 110. In some examples (e.g., when
the communication component 325 1s directly coupled with
the controllers 310), the communication component 3235
may transmit the information to a corresponding controller
310, and the controller 310 may transmit the information to
the respective memory device 110.

In some cases, functions performed by the system health
engine 3135 and the safety engine 320 may be performed by
one or more other circuits. In some cases, one circuit, or a
combination of circuits, may be configured to perform the
combined functions of these two engines.

FIG. 4 illustrates an example of a process tlow 400 that
supports external system reporting for health monitoring 1n
accordance with examples as disclosed herein. The process
flow 400 may be implemented by a host device 105-56 and a
memory device 110-¢, which may be examples of the
respective devices described with reference to FIGS. 1-3.
The host device 105-b and the memory device 110-¢ may be
coupled via a physical or logical bus, such as channels 115,
that may support signaling between the devices. The
memory device 110-¢ may illustrate an example of an
apparatus that includes an array of memory cells couplable
to a set of pins (e.g., bus) with a processor or an SoC (e.g.,
of the host device 105-b) and configured to operate 1n
response to commands from the processor or the SoC.

The process flow 400 may also be implemented by a
device 405, which may be an example of an external device
described 1n reference to FIG. 3. The device 405 may, for
example, be associated with a roadway or other construction
entity (e.g., government-operated construction entity) that
monitors vehicle activity. In some cases, the device 405 may
be an enfity, or may be controlled by an entity, which may
also operate a data center (e.g., to store data used 1n national
time-to-failure models). The device 405 (e.g., one or more
devices thereol) may receive data, such as memory health
information, from multiple vehicles. For example, the
device 405 may monitor a remaining life on vehicle systems
(e.g., salety-critical systems, such as memory) for safety
purposes. In some cases, the device 405 may additionally
collect population data about vehicles within an area for
various applications (e.g., traflic predictions). The host
device 105-6 may be operable to communicate with the
device 405 via a communication component (e.g., a com-
munication component 325 as described with reference to
FIG. 3), which may transmit electrical or wireless signals to
the device 405.

In the following description of process tlow 400, the
operations may be performed 1n a different order than the
order shown, or the operations performed by memory device
110-¢, host device 105-b, and the device 405 may be
performed in different orders or at different times. For
example, some operations may also be left out of process
flow 400, or other operations may be added to process tlow
400. Although memory device 110-c¢, host device 105-5, and

the device 405 are shown performing the operations of
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process tlow 400, some aspects of some operations may also
be performed by one or more other devices.

At 410, 1n some cases, the memory device 110-¢ may
receive from the host device 105-56 an indication of a
condition of the host device 105-5 to communicate the one
or more first parameters from the memory device 110-c. In
some cases, the condition may 1ndicate that the first circuit
of the host device may be operable to receive the one or
more parameters from the memory device 110-¢ according,
to a configuration indicated by the memory device. For
example, the condition may indicate that the host device
105-b6 1s configured as a controlled device for communicat-
ing health information, or that the memory device 110-c 1s
configured as a controller device for communicating health
information, or both.

The one or more first parameters may be associated with
a status of the memory device 110-¢ (e.g., a health, degra-
dation, or remaining life status). For example, the first
parameter(s) may represent health information, or a portion
of health information, as described with reterence to FIG. 3.
The health information (e.g., the one or more {irst param-
cters) may, for example, be determine by a health monitoring
circuit or component of the memory device 110-¢ and may
be indicative of a status of the memory device 110-¢, or one
or more components or circuits thereof.

At 415, 1n some cases, the memory device 110-¢ may
determine a configuration that may include a content of the
one or more first parameters based on the condition of the
host device. The content may be a type of the first
parameter(s), an amount of the first parameter(s), an amount
of data associated with the first parameter(s), or any com-
bination thereof (e.g., among other examples). Additionally
or alternatively, the configuration may include an order or

sequence for transmitting the one or more first parameters
based on the condition of the host device.

At 420, a first circuit of the host device 105-b (e.g., the
system health engine 315 described with reference to FIG.
3) may receive mformation related to processing health
information from the memory device 110-c. For example,
the host device 105-6 may receive one or more third
parameters, the third parameter(s) indicating a threshold
status of the memory device, one or more parameters for
monitoring at the memory device, one or more respective
thresholds for the one or more first parameters, one or more
processes, or a combination thereof for determining one or
more operational parameters (e.g., one or more trip points,
sense levels, voltage levels, time periods, or any combina-
tion thereot, for operation of the memory device 110-¢). The
first circuit may receive the one or more third parameters at
420 from the device 405 or from another circuit of the host
device 105-b, among other examples. In some cases, a status
of the memory device 110-¢c may be determined based at
least 1n part on the one or more third parameters received at
420.

At 425, the memory device 110-¢c may transmit, to the
host device 105-b, the determined configuration for com-
municating the one or more parameters, which may be based
on the condition of the host device 105-b. For example, the
memory device 110-¢ may indicate the content or the order
of the one or more first parameters to the host device 105-5
via the configuration. In some cases, the configuration may
also indicate one or more other communication parameters
for communicating health information from the memory
device 110-¢ to the host device 105-5.

At 430, the memory device 110-¢ may determine one or
more parameters (e.g., the one or more first parameters)
indicative of a status of the memory device. For example, the
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memory device 110-¢ may determine the one or more first
parameters using a dedicated component or dedicated cir-
cuitry of the memory device 110-c. Determiming the one or
more first parameters may be based on monitoring the one
or more first parameters using the dedicated component or
circuitry, for example, while the memory device 110-¢ 1s
operating.

At 440, the memory device 110-¢ may transmit, to the
host device 105-b, the one or more {first parameters indica-
tive of the status of the memory device. For example, in
some cases, the memory device 110-¢ may transmit the one
or more first parameters based on the condition of the host
device, based on determining the one or more {irst param-
cters indicative of the status of the memory device, based on
the configuration determined at 415, or any combination
thereof. In some cases, the host device 105-56 may receive
also recerve a set of one or more parameters (e.g., fourth
parameter(s)) from a second memory device indicative of a
status of the second memory device. For example, the host
device 105-b may receive the set of fourth parameters
sequentially to the one or more first parameters. As
described herein (e.g., with reference to FIG. 3), the host
device 1035-b6 may receive the first parameter(s) or fourth
parameter(s) via a respective set of pins and associated
controller of the host device 105-5.

At 445, 1n some cases, the host device 105-b may store
data indicative of the one or more first parameters at
non-volatile storage coupled with or included in the host
device, based on receiving the one or more first parameters.
In some cases, the one or more first parameters may be sent
to a third circuit of the host device (e.g., the communication
component 325 described with reference to FIG. 3) based on
receiving the one or more {irst parameters. For example, the
third circuit may receive the first parameter(s) via the first
circuit or directly from the respective controller, as
described with reference to FIG. 3. In some cases, the third
circuit may communicate with one or more devices external
to the apparatus (e.g., the device 405). In some cases, the
third circuit may, at 450, transmit the one or more first
parameters to the device 405 based on receiving the one or
more first parameters. In some cases, the device 405 may be
associated with a type of information 1indicated by the one or
more first parameters (e.g., may be associated with an entity
that uses or process the type of information indicated by the
one or more first parameters).

In some examples, the host device 105-b may include a
second circuit (e.g., the safety engine 320 described with
reference to FIG. 3). In some cases, the one or more first
parameters may be sent to the second circuit of the host
device based on recerving the one or more first parameters.
For example, the second circuit may receive the first param-
eter(s) via the first circuit or directly from the respective
controller, as described with reference to FIG. 3.

At 455, the host device 105-5 may determine the status of
the memory device based the one or more first parameters.
In some cases, the determining may be performed at the first
circuit of the host device 105-b. In some cases, determining
the status of the memory device may include identifying a
code represented by the one or more {irst parameters, the
code 1indicative of the status of the memory device. In some
cases, the host device 105-6 may determine, at the first
circuit, the status of the second memory device based at least
in part on the one or more fourth parameters associated with
the second memory device. In some cases, the status of the
memory device 110-¢ may further be based on the one or
more fourth parameters associated with the second memory
device.
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In some cases, the first circuit (e.g., the system health
engine 315) may perform the determining. Further, the first
circuit may be configured for processing information indica-
tive of the status of the memory device, indicative of a level
of safety of the host device 105-b, or both.

At 460, the host device 105-b (e.g., the first circuit) may
generate one or more second parameters indicative of the
status of the memory device 110-c based on determining the
status of the memory device at 450. In some cases, the first
circuit may generate the one or more second parameters
based on interpreting or reconfiguring the one or more first
parameters for readability. Additionally or alternatively, the
one or more second parameters may be generated based on
processing or performing computations using the one or
more first parameters. The one or more second parameters
may, at 465, be sent to another circuit of the host device
(e.g., the safety engine 320 or the communication compo-
nent 325), or to the device 405. In such cases, the one or
more second parameters may be configured to be readable
by another circuit of the host device 105-b or by another
circuit of a device external to the host device (e.g., the device
405).

For example, the first circuit may send the one or more
second parameters to the third circuit of the host device
based on the one or more second parameters satisiying a
condition. In some cases, the condition may include a
threshold value of the one or more second parameters, a type
of the one or more second parameters, an entity associated
with the one or more second parameters, or a combination
thereol. In some cases, the first circuit may send the one or
more second parameters to the second circuit of the host
device based on the one or more second parameters satis-
tying a condition. For example, the condition may include a
threshold value of the one or more second parameters, a type
of the one or more second parameters, an entity associated
with the one or more second parameters, or a combination
thereol. In such cases, the third circuit may, at 460, send the
one or more second parameters to the device 405 based on
the third circuit receiving the one or more second param-
cters, where the device 405 may be associated with a type of
information indicated by the one or more second parameters.

At 470, the host device 105-b may determine one or more
operational parameters, for example, at the first circuit or
second circuit (e.g., the safety engine 320 described with
reference to FIG. 3) based on the one or more {irst param-
cters or second parameters. For example, the host device
105-5 may determine a voltage level of the memory device,
a quantity of access operations for a component of the
memory device, an operating temperature of a component of
the memory device, or a combination thereof. In some cases,
the first circuit may perform the determining, and the
determining may further be based on the one or more first
parameters or the one or more second parameters.

In other cases, the second circuit may perform the deter-
mimng and may send an indication of the one or more
operational parameters to the first circuit, or to a controller
operable to transmit the operational parameter(s) to the
memory device 110-¢, based on determining the one or more
operational parameters. The second circuit may perform the
determining based on, for example, whether there 1s safety
related information indicated by the first circuit, the set of
one or more {irst parameters, the set of one or more second
parameters, or any combination thereof. In such cases, the
second circuit may determine one or more salety-related
parameters (e.g., one or more operational parameters for the
memory device 110-¢), for example, to improve or maintain
system safety.
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Additionally or alternatively, the host device 105-b6 may,
at 475, receive from the device 405 the one or more
operational parameters at the third circuit (e.g., the commu-
nication component 323), for example, based part on trans-
mitting the one or more first parameters or second param-
cters to the device 405 at 450 or 460, respectively. The third
circuit may send an indication of the one or more operational
parameters to the first circuit, or to a controller operable to
transmit the operational parameter(s) to the memory device
110-¢, based on receiving the one or more operational
parameters.

At 480, the host device 105-6 may transmit, to the
memory device 110-¢, a command associated with the one
or more operational parameters, for example, based the
status of the memory device. In some cases, transmitting the
command to the memory device 110-c may be based on the
indication of the one or more operational parameters
received from the device 405. In some cases, transmitting
the command to the memory device 110-c may be based on
determining the one or more operational parameters at the
host device 105-b (e.g., at the first or second circuit of the
host device 105-b). The command may indicate the one or
more operational parameters to the memory device 110-c,
and may further instruct the memory device 110-c¢ to operate
according to the one or more operational parameters. Oper-
ating according to the operational parameter(s) may reduce
a rate of degradation or a bit error rate of the memory device
110-c, or may increase a lifetime of the memory device
110-c, or both (e.g., among other examples).

FIG. 5 shows a block diagram 500 of a host device 520
that supports memory device health evaluation at a host
device 1 accordance with examples as disclosed herein. The
host device 520 may be an example of aspects of a host
device as described with reference to FIGS. 1 through 4. The
host device 520, or various components thereof, may be an
example of means for performing various aspects of
memory device health evaluation at a host device as
described herein. For example, the host device 520 may
include a health immformation reception component 525, a
health information analysis component 530, a health status
determination component 5335, a command transmission
component 540, a health information transmission compo-
nent 545, an operational parameter communication compo-
nent 350, or any combination thereof. Each of these com-
ponents may communicate, directly or indirectly, with one
another (e.g., via one or more buses).

The health information reception component 525 may be
configured as or otherwise support a means for receiving, at
a host device from a memory device, one or more {irst
parameters mdicative of a status of the memory device. The
health information analysis component 530 may be config-
ured as or otherwise support a means for sending the one or
more first parameters to a first circuit of the host device
based at least in part on i1dentifying the first circuit as a
destination for the one or more first parameters. The health
status determination component 335 may be configured as or
otherwise support a means for determining, at the first
circuit, the status of the memory device based at least 1n part
on the one or more {irst parameters. The command trans-
mission component 340 may be configured as or otherwise
support a means for transmitting, to the memory device, a
command associated with one or more operational param-
cters that are based at least in part on the status of the
memory device.

In some examples, None, and the health information
analysis component 530 may be configured as or otherwise
support a means for generating, at the first circuit, one or
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more second parameters indicative of the status of the
memory device based at least 1in part on determining the
status of the memory device, the one or more second
parameters readable by another circuit of the host device or
by another circuit of a device external to the host device,
where the first circuit 1s for processing information indica-
tive of the status of the memory device.

In some examples, the health information analysis com-
ponent 530 may be configured as or otherwise support a
means for sending the one or more second parameters from
the first circuit to a second circuit of the host device based
at least 1n part on the one or more second parameters
indicating a safety status of the host device.

In some examples, the health information analysis com-
ponent 530 may be configured as or otherwise support a
means for determining the one or more operational param-
cters at the second circuit based at least in part on the one or
more second parameters. In some examples, the health
information analysis component 530 may be configured as
or otherwise support a means for sending an indication of the
one or more operational parameters from the second circuit
to the first circuit based at least in part on determining the
one or more operational parameters, where transmitting the
command to the memory device 1s based at least 1n part on
the indication of the one or more operational parameters.

In some examples, the health information analysis com-
ponent 530 may be configured as or otherwise support a
means for sending the one or more second parameters from
the first circuit to a third circuit of the host device based at
least 1n part on the one or more second parameters satisiying
a condition that includes a threshold value of the one or more
second parameters, a type ol the one or more second
parameters, or an entity associated with the one or more
second parameters, or any combination thereof, where the
third circuit 1s for communicating with one or more devices
external to the host device. In some examples, the health
information transmission component 5435 may be configured
as or otherwise support a means for transmitting, via the
third circuit, the one or more second parameters to the
device external to the host device based at least in part on
sending the one or more second parameters, the device
external to the host device associated with a type of infor-
mation indicated by the one or more second parameters.

In some examples, the operational parameter communi-
cation component 550 may be configured as or otherwise
support a means for receiving, from the device external to
the host device, the one or more operational parameters at
the third circuit based at least 1n part on transmitting the one
or more second parameters. In some examples, the opera-
tional parameter communication component 550 may be
configured as or otherwise support a means for sending an
indication of the one or more operational parameters from
the third circuit to the first circuit based at least 1n part on
receiving the one or more operational parameters, where
transmitting the command to the memory device 1s based at
least 1 part on the indication of the one or more operational
parameters.

In some examples, the one or more operational parameters
include a voltage level of the memory device, a quantity of
access operations for a component of the memory device, an
operating temperature of a component of the memory
device, or any combination thereof.

In some examples, the health information analysis com-
ponent 530 may be configured as or otherwise support a
means for generating, at the first circuit one or more second
parameters indicative of the status of the memory device
based at least in part on determining the status of the
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memory device. In some examples, the health information
analysis component 530 may be configured as or otherwise
support a means for sending the one or more second param-
eters to another circuit of the host device or to another circuit
ol a device external to the host device.

In some examples, the health information analysis com-
ponent 530 may be configured as or otherwise support a
means for determiming the one or more operational param-
cters at the first circuit based at least in part on the one or
more first parameters, where transmitting the command to
the memory device 1s based at least in part on determiming
the one or more operational parameters.

In some examples, the health information analysis com-
ponent 5330 may be configured as or otherwise support a
means for sending the one or more first parameters to a third
circuit of the host device based at least 1n part on receiving
the one or more {irst parameters, where the third circuit 1s for
communicating with one or more devices external to the
host device. In some examples, the health information
transmission component 545 may be configured as or oth-
erwise support a means for transmitting, via the third circuat,
the one or more first parameters to a device external to the
host device based at least in part on sending the one or more
first parameters, the device external to the host device
associated with a type of information indicated by the one or
more first parameters.

In some examples, the operational parameter communi-
cation component 5350 may be configured as or otherwise
support a means for receiving, from the device external to
the host device, the one or more operational parameters at
the third circuit based at least 1n part on transmitting the one
or more first parameters, where transmitting the command to
the memory device 1s based at least 1n part on receiving the
one or more operational parameters.

In some examples, the health information analysis com-
ponent 5330 may be configured as or otherwise support a
means for receiving, at the first circuit from another circuit
of the host device or from another circuit of a device external
to the host device, one or more third parameters 1indicating
a threshold status of the memory device, one or more
parameters for monitoring at the memory device, one or
more thresholds for the one or more first parameters, one or
more processes for determining the one or more operational
parameters, or any combination thereof, where the status of
the memory device 1s determined based at least in part on the
one or more third parameters.

In some examples, the health information reception com-
ponent 525 may be configured as or otherwise support a
means for receiving, at the host device from a second
memory device, one or more fourth parameters indicative of
a status of the second memory device, the one or more fourth
parameters recerved sequentially to the one or more first
parameters. In some examples, the health status determina-
tion component 535 may be configured as or otherwise
support a means for determimng, at the first circuit, the
status of the second memory device based at least 1n part on
the one or more fourth parameters.

In some examples, the status of the memory device 1s
determined based at least 1n part on the one or more fourth
parameters.

In some examples, to support determining the status of the
memory device, the health status determination component
535 may be configured as or otherwise support a means for
identifying a code represented by the one or more first
parameters, the code indicative of the status of the memory
device.
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In some examples, the health information analysis com-
ponent 530 may be configured as or otherwise support a
means for storing data indicative of the one or more first
parameters at non-volatile storage coupled with the host
device based at least 1n part on receiving the one or more first
parameters.

In some examples, the first circuit 1s operable to process
information indicative of the status of the memory device,
information idicative of a safety level of the host device, or

any combination thereof.

FIG. 6 shows a block diagram 600 of a memory device
620 that supports memory device health evaluation at a host
device 1n accordance with examples as disclosed herein. The
memory device 620 may be an example of aspects of a
memory device as described with reference to FIGS. 1
through 4. The memory device 620, or various components
thereol, may be an example of means for performing various
aspects of memory device health evaluation at a host device
as described herein. For example, the memory device 620
may include a health information determination component
625, a host device condition reception component 630, a
health information transmission component 635, a commu-
nication configuration component 640, or any combination
thereol. Each of these components may communicate,
directly or indirectly, with one another (e.g., via one or more
buses).

The health mmformation determination component 625
may be configured as or otherwise support a means for
determining, at a memory device, one or more parameters
indicative of a status of the memory device. The host device
condition reception component 630 may be configured as or
otherwise support a means for receiving an indication of a
condition of a host device to communicate the one or more
parameters from the memory device based at least 1n part on
determining the one or more parameters indicative of a
status of the memory device. The health information trans-
mission component 635 may be configured as or otherwise
support a means for transmitting, to the host device, the one
or more parameters mdicative of the status of the memory
device based at least in part on the condition of the host
device and determining the one or more parameters 1ndica-
tive of the status of the memory device.

In some examples, the condition of the host device
indicates that a first circuit of the host device for receiving
the one or more parameters 1s operable to receive the one or
more parameters from the memory device according to a
configuration indicated by the memory device.

In some examples, the communication configuration com-
ponent 640 may be configured as or otherwise support a
means for transmitting, to the host device, the configuration
for communicating the one or more parameters based at least
in part on the condition of the host device.

In some examples, the communication configuration com-
ponent 640 may be configured as or otherwise support a
means for determining a configuration including an order for
transmitting the one or more parameters based at least 1n part
on the condition of the host device, where transmitting the
one or more parameters 1s based at least i part on deter-
mimng the configuration.

In some examples, the communication configuration com-
ponent 640 may be configured as or otherwise support a
means for determining a configuration including a content of
the one or more parameters based at least in part on the
condition of the host device, where transmitting the one or
more parameters 1s based at least 1n part on determining the
configuration.
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FIG. 7 shows a tlowchart illustrating a method 700 that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein. The opera-
tions of method 700 may be implemented by a host device
or 1its components as described herein. For example, the
operations ol method 700 may be performed by a host
device as described with reference to FIGS. 1 through 5. In
some examples, a host device may execute a set of instruc-
tions to control the functional elements of the device to
perform the described functions. Additionally or alterna-
tively, the host device may perform aspects of the described
functions using special-purpose hardware.

At 705, the method may include receiving, at a host
device from a memory device, one or more first parameters
indicative of a status of the memory device. The operations
of 705 may be performed 1n accordance with examples as
described with reference to FIGS. 3 and 4. In some
examples, aspects of the operations of 705 may be per-
formed by a health information reception component 525 as
described with reference to FIG. 5.

At 710, the method may 1nclude sending the one or more
first parameters to a first circuit of the host device based at
least 1n part on 1dentifying the first circuit as a destination for
the one or more {irst parameters. The operations of 710 may
be performed in accordance with examples as described with
reference to FIGS. 3 and 4. In some examples, aspects of the
operations of 710 may be performed by a health information
analysis component 530 as described with reference to FIG.
5.

At 715, the method may include determining, at the first
circuit, the status of the memory device based at least 1n part
on the one or more first parameters. The operations of 715
may be performed 1n accordance with examples as described
with reference to FIGS. 3 and 4. In some examples, aspects
ol the operations of 715 may be performed by a health status
determination component 335 as described with reference to
FIG. 5.

At 720, the method may include transmitting, to the
memory device, a command associated with one or more
operational parameters that are based at least in part on the
status of the memory device. The operations of 720 may be
performed 1n accordance with examples as described with
reference to FIGS. 3 and 4. In some examples, aspects of the
operations of 720 may be performed by a command trans-
mission component 340 as described with reference to FIG.
5.

In some examples, an apparatus as described herein may
perform a method or methods, such as the method 700. The
apparatus may include, features, circuitry, logic, means, or
istructions (e.g., a non-transitory computer-readable
medium storing instructions executable by a processor) for
receiving, at a host device from a memory device, one or
more first parameters indicative of a status of the memory
device, sending the one or more first parameters to a first
circuit of the host device based at least 1n part on 1dentifying
the first circuit as a destination for the one or more first
parameters, determining, at the first circuit, the status of the
memory device based at least 1n part on the one or more first
parameters, and transmitting, to the memory device, a com-
mand associated with one or more operational parameters
that are based at least 1n part on the status of the memory
device.

In some examples of the method 700 and the apparatus
described herein, and the method, apparatuses, and non-
transitory computer-readable medium may include further
operations, features, circuitry, logic, means, or istructions
for generating, at the first circuit, one or more second
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parameters ndicative of the status of the memory device
based at least in part on determining the status of the
memory device, the one or more second parameters readable
by another circuit of the host device or by another circuit of
a device external to the host device, where the first circuit
may be for processing information indicative of the status of
the memory device.

Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for sending the one or
more second parameters from the first circuit to a second
circuit of the host device based at least 1n part on the one or
more second parameters indicating a safety status of the host
device.

Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for determining the
one or more operational parameters at the second circuit
based at least 1n part on the one or more second parameters
and sending an indication of the one or more operational
parameters from the second circuit to the first circuit based
at least 1 part on determining the one or more operational
parameters, where transmitting the command to the memory
device may be based at least 1n part on the indication of the
one or more operational parameters.

Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for sending the one or
more second parameters from the first circuit to a third
circuit of the host device based at least 1n part on the one or
more second parameters satisiying a condition that includes
a threshold value of the one or more second parameters, a
type ol the one or more second parameters, or an entity
associated with the one or more second parameters, or any
combination thereof, where the third circuit may be for
communicating with one or more devices external to the
apparatus and transmitting, via the third circuit, the one or
more second parameters to the device external to the host
device based at least 1n part on sending the one or more
second parameters, the device external to the host device
associated with a type of information indicated by the one or
more second parameters.

Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for receiving, from
the device external to the host device, the one or more
operational parameters at the third circuit based at least 1n
part on transmitting the one or more second parameters and
sending an 1ndication of the one or more operational param-
cters from the third circuit to the first circuit based at least
in part on recerving the one or more operational parameters,
where transmitting the command to the memory device may
be based at least in part on the indication of the one or more
operational parameters.

In some examples of the method 700 and the apparatus
described herein, the one or more operational parameters
include a voltage level of the memory device, a quantity of
access operations for a component of the memory device, an
operating temperature of a component of the memory
device, or any combination thereof.

In some examples of the method 700 and the apparatus
described herein, generating, at the first circuit one or more
second parameters indicative of the status of the memory
device based at least 1n part on determining the status of the
memory device and sending the one or more second param-
eters to another circuit of the host device or to another circuit
of a device external to the host device.
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Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for determining the
one or more operational parameters at the first circuit based
at least 1n part on the one or more first parameters, where
transmitting the command to the memory device may be
based at least in part on determining the one or more
operational parameters.

Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for sending the one or
more first parameters to a third circuit of the host device
based at least 1n part on receiving the one or more first
parameters, where the third circuit may be for communicat-
ing with one or more devices external to the apparatus and
transmitting, via the third circuit, the one or more first
parameters to a device external to the host device based at
least 1 part on sending the one or more first parameters, the
device external to the host device associated with a type of
information indicated by the one or more first parameters.

Some examples ol the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for receiving, from
the device external to the host device, the one or more
operational parameters at the third circuit based at least 1n
part on transmitting the one or more second parameters,
where transmitting the command to the memory device may
be based at least in part on receiving the one or more
operational parameters.

Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for receiving, at the
first circuit from another circuit of the host device or from
another circuit of a device external to the host device, one or
more third parameters indicating a threshold status of the
memory device, one or more parameters for monitoring at
the memory device, one or more thresholds for the one or
more first parameters, one or more processes for determining,
the one or more operational parameters, or any combination
thereof, where the status of the memory device may be
determined based at least in part on the one or more third
parameters.

Some examples of the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for receiving, at the
host device from a second memory device, one or more
fourth parameters indicative of a status of the second
memory device, the one or more fourth parameters recerved
sequentially to the one or more first parameters and deter-
mining, at the first circuit, the status of the second memory
device based at least 1n part on the one or more fourth
parameters.

In some examples of the method 700 and the apparatus
described herein, the status of the memory device may be
determined based at least 1n part on the one or more fourth
parameters.

In some examples of the method 700 and the apparatus
described herein, determining the status of the memory
device may include operations, features, circuitry, logic,
means, or mstructions for identifying a code represented by
the one or more first parameters, the code indicative of the
status of the memory device.

Some examples ol the method 700 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for storing data
indicative of the one or more first parameters at non-volatile
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storage coupled with the host device based at least 1n part on
receiving the one or more first parameters.

In some examples of the method 700 and the apparatus
described herein, the first circuit may be operable to process
information indicative of the status of the memory device,
information mdicative of a safety level of the host device, or
any combination thereof.

FIG. 8 shows a flowchart illustrating a method 800 that
supports memory device health evaluation at a host device
in accordance with examples as disclosed herein. The opera-
tions of method 800 may be implemented by a memory
device or 1its components as described herein. For example,
the operations of method 800 may be performed by a
memory device as described with reference to FIGS. 1
through 4 and 6. In some examples, a memory device may
execute a set of instructions to control the functional ele-
ments ol the device to perform the described functions.
Additionally or alternatively, the memory device may per-
form aspects of the described functions using special-pur-
pose hardware.

At 805, the method may include determining, at a
memory device, one or more parameters indicative of a
status of the memory device. The operations of 805 may be
performed in accordance with examples as described with
reference to FIGS. 3 and 4. In some examples, aspects of the
operations of 805 may be performed by a health information
determination component 625 as described with reference to
FIG. 6.

At 810, the method may include receiving an indication of
a condition of a host device to communicate the one or more
parameters from the memory device based at least 1n part on
determining the one or more parameters indicative of a
status of the memory device. The operations of 810 may be
performed in accordance with examples as described with
reference to FIGS. 3 and 4. In some examples, aspects of the
operations of 810 may be performed by a host device
condition reception component 630 as described with ret-
erence to FIG. 6.

At 815, the method may 1nclude transmitting, to the host
device, the one or more parameters indicative of the status
of the memory device based at least 1n part on the condition
of the host device and determining the one or more param-
cters indicative of the status of the memory device. The
operations of 815 may be performed 1n accordance with
examples as described with reference to FIGS. 3 and 4. In
some examples, aspects of the operations of 815 may be
performed by a health information transmission component
635 as described with reference to FIG. 6.

In some examples, an apparatus as described herein may
perform a method or methods, such as the method 800. The
apparatus may include, features, circuitry, logic, means, or
istructions (e.g., a non-transitory computer-readable
medium storing instructions executable by a processor) for
determining, at a memory device, one or more parameters
indicative of a status of the memory device, receiving an
indication of a condition of a host device to communicate the
one or more parameters from the memory device based at
least 1n part on determining the one or more parameters
indicative of a status of the memory device, and transmit-
ting, to the host device, the one or more parameters indica-
tive of the status of the memory device based at least 1n part
on the condition of the host device and determining the one
or more parameters indicative of the status of the memory
device.

In some examples of the method 800 and the apparatus
described herein, the condition of the host device indicates
that a first circuit of the host device for receiving the one or
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more parameters may be operable to receive the one or more
parameters from the memory device according to a configu-
ration indicated by the memory device.

Some examples of the method 800 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for transmitting, to the
host device, the configuration for communicating the one or
more parameters based at least 1n part on the condition of the
host device.

Some examples ol the method 800 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for determining a
configuration including an order for transmitting the one or
more parameters based at least 1n part on the condition of the
host device, where transmitting the one or more parameters
may be based at least 1n part on determiming the configura-
tion.

Some examples of the method 800 and the apparatus
described herein may further include operations, features,
circuitry, logic, means, or instructions for determining a
configuration including a content of the one or more param-
cters based at least 1n part on the condition of the host
device, where transmitting the one or more parameters may
be based at least in part on determining the configuration.

It should be noted that the methods described herein
describe possible implementations, and that the operations
and the steps may be rearranged or otherwise modified and
that other implementations are possible. Further, portions
from two or more of the methods may be combined.

Another apparatus 1s described. The apparatus may
include a pin couplable with a memory device and operable
to receive one or more {irst parameters indicative of a status
of the memory device and a first circuit coupled with the pin
and operable to recerve the one or more first parameters via
the pin based at least 1n part on the first circuit being a
destination for the one or more {irst parameters and deter-
mine one or more operational parameters for the memory
device based at least 1n part on determining the status of the
memory device and the one or more first parameters, where
the pin 1s further operable to transmit, to the memory device,
a command associated with the one or more operational
parameters based at least in part on determining the one or
more operational parameters.

In some examples, the apparatus may include a controller
coupled with the pin and operable to send the one or more
first parameters to the first circuit based at least 1n part on
identifying the first circuit as the destination for the one or
more {irst parameters.

In some examples of the apparatus, the first circuit may be
turther operable to generate, one or more second parameters
indicative of the status of the memory device based at least
in part on determining the status of the memory device, the
one or more second parameters readable by another circuit
of the apparatus or by another circuit of a device external to
the apparatus.

In some examples of the apparatus, the apparatus may
include a second circuit operable to process information
indicative of a safety level of the apparatus, where the
second circuit may be operable to receive the one or more
second parameters from the first circuit based on the one or
more second parameters indicating a safety status of the host
device, determine the one or more operational parameters
based on the one or more second parameters, and send an
indication of the one or more operational parameters to the
first circuit based on determining the one or more opera-
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tional parameters, where transmitting the command to the
memory device 1s based on the indication of the one or more
operational parameters.

In some examples, the apparatus may include a third
circuit operable to communicate with one or more devices
external to the apparatus, the third circuit operable to recerve
the one or more second parameters from the first circuit
based at least 1n part on the one or more second parameters
satistying a condition that includes a threshold value of the
one or more second parameters, a type of the one or more
second parameters, or an entity associated with the one or
more second parameters, or any combination thereof and
transmit, via the third circuit, the one or more second
parameters to the one or more devices external to the
apparatus based at least 1n part on receiving the one or more
second parameters.

In some examples, the apparatus may include receive,
from the one or more devices external to the apparatus, the
one or more operational parameters based at least 1n part on
transmitting the one or more second parameters and send an
indication of the one or more operational parameters to the
first circuit based at least 1n part on recerving the one or more
operational parameters, where transmitting the command to
the memory device may be based at least 1n part on the
indication of the one or more operational parameters.

In some examples, the apparatus may include determine
the one or more operational parameters based at least 1n part
on the one or more first parameters, where transmitting the
command to the memory device may be based at least 1n part
on determining the one or more operational parameters.

In some examples, the apparatus may include a third
circuit operable to communicate with one or more devices
external to the apparatus, the third circuit operable to recerve
the one or more first parameters via the pin and transmuit, via
the third circuit, the one or more first parameters to the one
or more devices external to the apparatus based at least 1n
part on recerving the one or more {irst parameters.

In some examples, the apparatus may include a second pin
couplable with a second memory device and operable to
receive one or more fourth parameters indicative of a status
of the second memory device, where the second pin may be
coupled with the first circuit, and where the first circuit may
be further operable to determine the status of the second
memory device based at least 1n part on the one or more
fourth parameters.

In some examples of the apparatus, the first circuit may be
operable to process information indicative of the status of
the memory device, information mdicative of a safety level
of the apparatus, or any combination thereof.

Another apparatus 1s described. The apparatus may
include a pin couplable with a host device and a controller
coupled with the pin, the controller operable to determine
one or more parameters mdicative of a status of the appa-
ratus, receive, from the host device and via the pin, an
indication of a condition of the host device to communicate
the one or more parameters from the apparatus based at least
in part on determining one or more parameters idicative of
a status of the apparatus, and transmit, to the host device and
via the pin, the one or more parameters based at least 1n part
on the condition of the host device and determining the one
or more parameters indicative of the status of the apparatus.

In some examples, the apparatus may include transmit, to
the host device and via the pin, a configuration for commu-
nicating the one or more parameters based at least in part on
the condition of the host device.

Another apparatus 1s described. The apparatus may
include a pin couplable with a memory device and a con-
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troller coupled with the pin, the controller operable to
receive, from the memory device and via the pin, one or
more first parameters indicative of a status of the memory
device, send the one or more first parameters to a {irst circuit
of the apparatus based at least 1n part on identifying the first
circuit as a destination for the one or more first parameters,
determine the status of the memory device based at least 1n
part on the one or more first parameters, and transmit, to the
memory device, a command associated with one or more
operational parameters that are based at least 1n part on the
status of the memory device.

Information and signals described herein may be repre-
sented using any of a variety of different technologies and
techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be repre-
sented by voltages, currents, electromagnetic waves, mag-
netic fields or particles, optical fields or particles, or any
combination thereof. Some drawings may illustrate signals
as a single signal; however, the signal may represent a bus
of signals, where the bus may have a variety of bit widths.

The terms “electronic communication,” “conductive con-
tact,” “connected,” and “coupled” may refer to a relationship
between components that supports the flow of signals
between the components. Components are considered in
clectronic communication with (or 1n conductive contact
with or connected with or coupled with) one another if there
1s any conductive path between the components that can, at
any time, support the tlow of signals between the compo-
nents. At any given time, the conductive path between
components that are 1 electronic communication with each
other (or 1 conductive contact with or connected with or
coupled with) may be an open circuit or a closed circuit
based on the operation of the device that includes the
connected components. The conductive path between con-
nected components may be a direct conductive path between
the components or the conductive path between connected
components may be an indirect conductive path that may
include intermediate components, such as switches, transis-
tors, or other components. In some examples, the flow of
signals between the connected components may be inter-
rupted for a time, for example, using one or more interme-
diate components such as switches or transistors.

The term “coupling” refers to condition of moving from
an open-circuit relationship between components 1 which
signals are not presently capable of being communicated
between the components over a conductive path to a closed-
circuit relationship between components in which signals
are capable of being communicated between components
over the conductive path. When a component, such as a
controller, couples other components together, the compo-
nent 1mitiates a change that allows signals to flow between
the other components over a conductive path that previously
did not permit signals to flow.

The term *“isolated” refers to a relationship between
components 1n which signals are not presently capable of
flowing between the components. Components are 1solated
from each other i1 there 1s an open circuit between them. For
example, two components separated by a switch that i1s
positioned between the components are 1solated from each
other when the switch 1s open. When a controller isolates
two components, the controller aflects a change that pre-
vents signals from tlowing between the components using a
conductive path that previously permitted signals to flow.

As used herein, the term “substantially” means that the
modified characteristic (e.g., a verb or adjective modified by
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the term substantially) need not be absolute but 1s close
enough to achieve the advantages of the characteristic.

As used herein, the term “clectrode” may refer to an
clectrical conductor, and 1n some examples, may be
employed as an electrical contact to a memory cell or other
component ol a memory array. An electrode may include a
trace, wire, conductive line, conductive layer, or the like that
provides a conductive path between elements or components
of a memory array.

The devices discussed herein, including a memory array,
may be formed on a semiconductor substrate, such as
silicon, germanium, silicon-germanium alloy, gallium
arsenide, galllum nitride, etc. In some examples, the sub-
strate 15 a semiconductor waler. In other examples, the
substrate may be a silicon-on-insulator (SOI) substrate, such
as silicon-on-glass (SOG) or silicon-on-sapphire (SOP), or
epitaxial layers of semiconductor materials on another sub-
strate. The conductivity of the substrate, or sub-regions of
the substrate, may be controlled through doping using vari-
ous chemical species including, but not limited to, phospho-
rous, boron, or arsenic. Doping may be performed during the
initial formation or growth of the substrate, by 10n-1mplan-
tation, or by any other doping means.

A switching component or a transistor discussed herein
may represent a field-eflect transistor (FET) and comprise a
three terminal device including a source, drain, and gate.
The terminals may be connected to other electronic elements
through conductive matenals, e.g., metals. The source and
drain may be conductive and may comprise a heavily-doped.,
¢.g., degenerate, semiconductor region. The source and
drain may be separated by a lightly-doped semiconductor
region or channel. If the channel 1s n-type (1.e., majority
carriers are electrons), then the FE'T may be referred to as a
n-type FET. If the channel 1s p-type (1.e., majority carriers
are holes), then the FET may be referred to as a p-type FET.
The channel may be capped by an insulating gate oxide. The
channel conductivity may be controlled by applying a volt-
age to the gate. For example, applying a positive voltage or
negative voltage to an n-type FET or a p-type FET, respec-
tively, may result in the channel becoming conductive. A
transistor may be “on” or “activated” when a voltage greater
than or equal to the transistor’s threshold voltage 1s applied
to the transistor gate. The transistor may be “off” or “deac-
tivated” when a voltage less than the transistor’s threshold
voltage 1s applied to the transistor gate.

The description set forth herein, 1n connection with the
appended drawings, describes example configurations and
does not represent all the examples that may be implemented
or that are within the scope of the claims. The term “exem-
plary” used herein means “serving as an example, instance,
or 1llustration,” and not “preferred” or “advantageous over
other examples.” The detailed description includes specific
details to providing an understanding of the described tech-
niques. These techniques, however, may be practiced with-
out these specific details. In some 1instances, well-known
structures and devices are shown 1n block diagram form to
avoid obscuring the concepts of the described examples.

In the appended figures, similar components or features
may have the same reference label. Further, various com-
ponents of the same type may be distinguished by following,
the reference label by a dash and a second label that
distinguishes among the similar components. It just the first
reference label 1s used 1n the specification, the description 1s
applicable to any one of the similar components having the
same lirst reference label irrespective of the second refer-
ence label.
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The functions described herein may be implemented 1n
hardware, software executed by a processor, firmware, or
any combination therecof. If i1mplemented 1n software
executed by a processor, the functions may be stored on or
transmitted over as one or more instructions or code on a
computer-readable medium. Other examples and implemen-
tations are within the scope of the disclosure and appended
claims. For example, due to the nature of software, functions
described herein can be mmplemented using software
executed by a processor, hardware, firmware, hardwiring, or
combinations of any of these. Features implementing func-
tions may also be physically located at various positions,
including being distributed such that portions of functions
are implemented at different physical locations.

For example, the various illustrative blocks and modules
described 1n connection with the disclosure herein may be
implemented or performed with a general-purpose proces-
sor, a DSP, an ASIC, an FPGA or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described herein. A general-purpose
processor may be a microprocessor, but in the alternative,
the processor may be any processor, controller, microcon-
troller, or state machine. A processor may also be 1mple-
mented as a combination of computing devices (e.g., a
combination of a DSP and a microprocessor, multiple micro-
Processors, Oone Oor more microprocessors in conjunction
with a DSP core, or any other such configuration).

As used herein, including 1n the claims, “or” as used 1n a
list of 1tems (for example, a list of 1tems prefaced by a phrase
such as “at least one of” or “one or more of”) indicates an

inclusive list such that, for example, a list of at least one of
A, B, or Cmeans A or B or C or AB or AC or BC or ABC

(1.e., Aand B and C). Also, as used herein, the phrase “based
on” shall not be construed as a reference to a closed set of
conditions. For example, an exemplary step that 1s described
as “based on condition A” may be based on both a condition
A and a condition B without departing from the scope of the
present disclosure. In other words, as used herein, the phrase
“based on” shall be construed 1n the same manner as the
phrase “based at least in part on.”

Computer-readable media includes both non-transitory
computer storage media and communication media includ-
ing any medium that facilitates transfer of a computer
program Irom one place to another. A non-transitory storage
medium may be any available medium that can be accessed
by a general purpose or special purpose computer. By way
of example, and not limitation, non-transitory computer-
readable media can comprise RAM, ROM, electrically eras-
able programmable read-only memory (EEPROM), com-
pact disk (CD) ROM or other optical disk storage, magnetic
disk storage or other magnetic storage devices, or any other
non-transitory medium that can be used to carry or store
desired program code means in the form of istructions or
data structures and that can be accessed by a general-
purpose or special-purpose computer, or a general-purpose
or special-purpose processor. Also, any connection 1S prop-
erly termed a computer-readable medium. For example, 1f
the software 1s transmitted from a website, server, or other
remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless tech-
nologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, digital sub-
scriber line (DSL), or wireless technologies such as infrared,
radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, include CD, laser
disc, optical disc, digital versatile disc (DVD), floppy disk
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and Blu-ray disc where disks usually reproduce data mag-
netically, while discs reproduce data optically with lasers.
Combinations of the above are also included within the
scope of computer-readable media.

The description herein 1s provided to enable a person
skilled 1n the art to make or use the disclosure. Various
modifications to the disclosure will be apparent to those
skilled 1n the art, and the generic principles defined herein
may be applied to other varnations without departing from
the scope of the disclosure. Thus, the disclosure i1s not
limited to the examples and designs described herein, but 1s
to be accorded the broadest scope consistent with the
principles and novel features disclosed herein.

What 1s claimed 1s:

1. A method, comprising:

receiving, at a host device from a memory device, one or

more {irst parameters indicative of a status of the
memory device;

sending the one or more first parameters to a first circuit

of the host device based at least 1n part on 1dentifying
the first circuit as a destination for the one or more first
parameters;

determining, at the first circuit, the status of the memory

device based at least 1in part on the one or more {first
parameters; and

transmitting, to the memory device, a command associ-

ated with one or more operational parameters that are
based at least in part on the status of the memory
device.

2. The method of claim 1, the method further comprising;:

generating, at the first circuit, one or more second param-

cters 1ndicative of the status of the memory device
based at least 1n part on determining the status of the
memory device, the one or more second parameters
readable by another circuit of the host device or by
another circuit of a device external to the host device,
wherein the first circuit 1s for processing information
indicative of the status of the memory device.

3. The method of claim 2, turther comprising;:

sending the one or more second parameters from the first

circuit to a second circuit of the host device based at
least 1n part on the one or more second parameters
indicating a safety status of the host device.

4. The method of claim 3, further comprising:

determining the one or more operational parameters at the

second circuit based at least in part on the one or more
second parameters; and

sending an indication of the one or more operational

parameters from the second circuit to the first circuit
based at least 1n part on determining the one or more
operational parameters, wherein transmitting the com-
mand to the memory device 1s based at least 1n part on
the indication of the one or more operational param-
cters.

5. The method of claim 2, further comprising:

sending the one or more second parameters from the first

circuit to a third circuit of the host device based at least
in part on the one or more second parameters satisiying
a condition that comprises a threshold value of the one
or more second parameters, a type of the one or more
second parameters, or an entity associated with the one
or more second parameters, or any combination
thereof, wherein the third circuit 1s for communicating,
with one or more devices external to the host device;:
and

transmitting, via the third circuit, the one or more second

parameters to the device external to the host device
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based at least in part on sending the one or more second
parameters, the device external to the host device
associated with a type of information indicated by the
one or more second parameters.

6. The method of claim 5, further comprising;:

recerving, from the device external to the host device, the

one or more operational parameters at the third circuit
based at least 1n part on transmitting the one or more
second parameters; and

sending an indication of the one or more operational

parameters from the third circuit to the first circuit
based at least 1n part on receiving the one or more
operational parameters, wherein transmitting the com-
mand to the memory device 1s based at least 1n part on
the indication of the one or more operational param-
eters.

7. The method of claim 1, wherein the one or more
operational parameters comprise a voltage level of the
memory device, a quantity of access operations for a com-
ponent of the memory device, an operating temperature of a
component of the memory device, or any combination
thereof.

8. The method of claim 1, further comprising:

generating, at the first circuit, one or more second param-

cters i1ndicative of the status of the memory device
based at least 1n part on determining the status of the
memory device; and

sending the one or more second parameters to another

circuit of the host device or to another circuit of a
device external to the host device.

9. The method of claim 1, further comprising:

determining the one or more operational parameters at the

first circuit based at least in part on the one or more first
parameters, wherein transmitting the command to the
memory device 1s based at least in part on determining
the one or more operational parameters.

10. The method of claim 1, further comprising:

sending the one or more first parameters to a third circuit

of the host device based at least 1n part on receiving the
one or more first parameters, wherein the third circuit
1s for communicating with one or more devices external
to the host device; and

transmitting, via the third circuit, the one or more first

parameters to a device external to the host device based
at least 1n part on sending the one or more {irst
parameters, the device external to the host device
associated with a type of information indicated by the
one or more first parameters.

11. The method of claim 10, further comprising:

recerving, from the device external to the host device, the

one or more operational parameters at the third circuit
based at least 1n part on transmitting the one or more
first parameters, wherein transmitting the command to
the memory device 1s based at least 1n part on receiving
the one or more operational parameters.

12. The method of claim 1, further comprising;:

receiving, at the first circuit from another circuit of the

host device or from another circuit of a device external
to the host device, one or more third parameters indi-
cating a threshold status of the memory device, one or
more parameters for monitoring at the memory device,
one or more thresholds for the one or more first
parameters, one or more processes for determining the
one or more operational parameters, or any combina-
tion thereof, wherein the status of the memory device
1s determined based at least 1n part on the one or more
third parameters.
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13. The method of claim 1, further comprising:
receiving, at the host device from a second memory
device, one or more fourth parameters indicative of a
status of the second memory device, the one or more
fourth parameters received sequentially to the one or
more {irst parameters; and
determining, at the first circuit, the status of the second
memory device based at least in part on the one or more
fourth parameters.
14. The method of claim 13, wherein the status of the
memory device 1s determined based at least in part on the
one or more fourth parameters.
15. The method of claim 1, wherein determining the status
of the memory device comprises:
identifying a code represented by the one or more first
parameters, the code indicative of the status of the
memory device.
16. The method of claim 1, further comprising;:
storing data indicative of the one or more first parameters
at non-volatile storage coupled with the host device
based at least 1n part on receiving the one or more first
parameters.
17. The method of claim 1, wherein the first circuit 1s
operable to process information indicative of the status of
the memory device, information indicative of a safety level
of the host device, or any combination thereof.
18. An apparatus, comprising;
a pin couplable with a memory device and operable to
receive one or more lirst parameters indicative of a
status of the memory device; and
a first circuit coupled with the pin and operable to:
receive the one or more first parameters via the pin
based at least 1n part on the first circuit being a
destination for the one or more first parameters; and

determine one or more operational parameters for the
memory device based at least in part on determining
the status of the memory device and the one or more
first parameters, wherein the pin i1s further operable
to transmit, to the memory device, a command
associated with the one or more operational param-
cters based at least 1n part on determining the one or
more operational parameters.

19. The apparatus of claim 18, further comprising:

a controller coupled with the pin and operable to send the
one or more first parameters to the first circuit based at
least 1n part on identifying the first circuit as the
destination for the one or more first parameters.

20. The apparatus of claim 18, wherein the first circuit 1s

turther operable to:
generate, one or more second parameters indicative of the
status of the memory device based at least 1n part on
determining the status of the memory device, the one or
more second parameters readable by another circuit of
the apparatus or by another circuit of a device external
to the apparatus.
21. The apparatus of claim 20, wherein:
a second circuit operable to process information indica-
tive of a safety level of the apparatus, wherein the
second circuit 1s operable to:
receive the one or more second parameters from the
first circuit based at least 1n part on the one or more
second parameters indicating a safety status of the
apparatus;

determine the one or more operational parameters
based at least 1n part on the one or more second
parameters; and
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send an indication of the one or more operational
parameters to the first circuit based at least 1n part on
determining the one or more operational parameters,
wherein transmitting the command to the memory
device 1s based at least 1n part on the indication of the
one or more operational parameters.
22. The apparatus of claim 20, further comprising:
a third circuit operable to communicate with one or more
devices external to the apparatus, the third circuit
operable to:
receive the one or more second parameters from the
first circuit based at least 1n part on the one or more
second parameters satisfying a condition that com-
prises a threshold value of the one or more second
parameters, a type of the one or more second param-
eters, or an entity associated with the one or more
second parameters, or any combination thereof; and

transmit, via the third circuit, the one or more second
parameters to the one or more devices external to the
apparatus based at least 1n part on receiving the one
or more second parameters.

23. The apparatus of claim 22, wherein the third circuit 1s
turther operable to:

receive, from the one or more devices external to the
apparatus, the one or more operational parameters
based at least 1n part on transmitting the one or more
second parameters; and

send an 1ndication of the one or more operational param-
cters to the first circuit based at least in part on
receiving the one or more operational parameters,
wherein transmitting the command to the memory
device 1s based at least 1n part on the indication of the
one or more operational parameters.

24. The apparatus of claim 18, wherein the first circuit 1s

operable to:

determine the one or more operational parameters based
at least 1n part on the one or more first parameters,
wherein transmitting the command to the memory
device 1s based at least in part on determining the one
or more operational parameters.

25. The apparatus of claim 18, further comprising:

a third circuit operable to communicate with one or more
devices external to the apparatus, the third circuit
operable to:
receive the one or more first parameters via the pin; and
transmit, via the third circuit, the one or more first

parameters to the one or more devices external to the
apparatus based at least 1n part on receiving the one
or more first parameters.

26. The apparatus of claim 18, further comprising:

a second pin couplable with a second memory device and
operable to receive one or more fourth parameters
indicative of a status of the second memory device,
wherein the second pin 1s coupled with the first circuat,
and wherein the first circuit i1s further operable to
determine the status of the second memory device
based at least in part on the one or more fourth
parameters.

277. The apparatus of claim 18, wherein the first circuit 1s
operable to process information indicative of the status of
the memory device, information indicative of a safety level
of the apparatus, or any combination thereof.

28. An apparatus, comprising:

a pin couplable with a memory device; and

a controller coupled with the pin, the controller operable
to:
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receive, from the memory device and via the pin, one
or more first parameters indicative of a status of the
memory device;

send the one or more first parameters to a first circuit of
the apparatus based at least 1n part on 1identitying the 5
first circuit as a destination for the one or more first
parameters;

determine the status of the memory device based at
least 1n part on the one or more first parameters; and

transmuit, to the memory device, a command associated 10
with one or more operational parameters that are
based at least 1n part on the status of the memory
device.
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